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European GaN VJorkshop 
I 
Toby Strite, IBM Zurich Research Laboratory 
During the second week of June, 120 participants converged on Va[bonne, France, situated near Cannes, to 
attend The Second European GaN Workshop. For a change, the Workshop was blessed with outstanding 
weather which greatly enhanced the evenings' cocktail and dinner festivities, and permitted the many wives 
and other guests to fully enjoy the French Riviera while the scientists were hard at work. The weather, and 
unbelievable French haute cuisine, highlighted a successful Workshop at which nearly all of the major European 
groups were represented. 
T 
he two and one half day tech- 
nical program included 75 
papers while allowing suffi- 
cient time to socialize, discuss results 
and future collaborations, and visit 
the booths of the 13 vendors 
present. As with the first Workshop, 
the Proceedings will appear in the 
MRS Internet Journal of Nitride 
Semiconductor Research located at 
http://nsr.mij.mrs.org where more 
than 10 workshop papers have 
already been published. 
A strong technical program 
reflected the growing excellence of 
GaN research in Europe, where at 
least five groups have obtained func- 
tioning LEDs. Jfirgen Schneider of 
the IAF-Fraunhofer in Freiburg 
opened the technical program 
describing his group's work with 
color converters, both organic and 
inorganic, to realize green, red and 
even white emission from a blue 
source LED. The blue emission from 
a violet-blue GaN LED can be down- 
converted with efficiencies as high as 
90% using either inorganic or 
organic phosphors with no discern- 
able lifetime limitations beyond that 
of the LED pump itself. The Fraun- 
hofer work is being commercialized 
by Siemens. Nichia Chemical has 
already commercialized a white LED 
using in-house phosphors while a 
third group led by Heeger and 
DenBaars at UCSB recently reported 
similar effects using organic poly- 
mers for color conversion. Color 
conversion is a promising alternative 
to Nichia's green LED technology, 
and is indeed the only option to 
compete since only Nichia has reli- 
ably push InGaN QW technology to 
520 nm. 
Bulk crystal growth, a second area 
in which Europe has innovated, was 
well represented, with talks given by 
the High Pressure Research Institute 
in Warsaw, the Ioffe Institute in St 
Petersburg, and CERMET, Inc., a 
start-up from the U.S. The Poles 
continue to push their GaN substrate 
area reporting high quality crystals 
of 100 mm 2. Experiments on doping 
with Mg and Ca were also disclosed. 
By adding Mg to the growth solution, 
insulating GaN bulk crystals were 
obtained for the first time. The role 
of Mg is understood as a getter 
which inhibits oxygen incorporation 
into the GaN crystals, as opposed to 
a dopant compensating electrons. As 
a result, the crystals grown in the 
presence of Mg have improved struc- 
tural properties approaching the 
theoretical X-ray linewidth limits. 
While the GaN:Mg has resistivities as 
high as 10 4 ohm cm, Profs Eastman 
and Morkoq fells that yet higher 
resistivities will be needed for the 
crystals to be useful substrates in 
GaN FET applications. Many FET 
researchers believe that A1N, which 
is naturally insulating, or SiC, will be 
the substrate of choice for GaN 
power transistors since such devices 
are limited by thermal issues more 
than the crystal quality of the chan- 
nel. The Ioffe Institute continues to 
push two GriN substrate technolo- 
gies. One effort has succeeded to 
grow mm-sized bulk GaN crystals by 
LPE using only a few atm. ofN 2 over- 
pressure. The other effort has real- 
ized large (-40 mm 2) free standing 
GaN heteroepitaxial material by 
HVPE growth and later removal of 
the SiC subslxate. Both approaches 
are potentially cheaper than the 
high temperature and pressure 
approach used in Warsaw. 
Lasing was much discussed. In a 
late news p~per, Jacques Pankove, 
calling on h!is 40+ years of experi- 
ence, reminded the attendees that 
they cannot ignore the high disloca- 
tion densities in heteroepitaxial 
GaN/sapphire (as has been possible 
with LEDs). Pankove explained that 
even non-radiative defects increase 
the lasing threshold, e.g. by dissociat- 
ing excitons, and he predicted that 
high quality GaN lasers will not be 
achieved until defect densities in 
GaN are drastically reduced. 
Andreas Hangleiter f om the Univer- 
sity of Stuttgart described optical 
experiments which enabled him to 
estimate the effective mass of GaN 
heavy holes, and thereby estimate 
the fundamental lasing threshold of 
GaN. The InGaN alloy continues to 
be a hot topic as researchers grapple 
to understand the phase separation 
which occurs in all forms of the alloy 
and how that affects diode lasers. A 
paper from Moscow State University 
showed that Nichia LEDs suffer from 
anomalous high field regions near 
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the active region, and Wim Van der 
Stricht of the University of Ghent- 
IMEC described his group's success 
in achieving high quality InGaN with 
InN mole fractions as large as 60%. 
AIGaN is also not without its diffi- 
culties. A paper from Boston Univer- 
sity described their observations of 
long range order in A1GaN. Michael 
Bremser of NCSU presented results 
on both n- and p-type doping of 
A1GaN. A theoretical paper by 
Vincenzo Fiorentini from the 
University of Cagliari predicted that 
n-type doping of high AIN fraction 
A1GaN will be very difficult to 
achieve, but the experimental results 
of Bremser et aL call the theory 
direcdy into question. Nevertheless, 
the ability to achieve lower resistivity 
A1GaN of both polarities is very 
important o all types of GaN-based 
devices. High resistivity AIGaN must 
also be optimized to eliminate para- 
sitic conduction in the barrier layer 
of A1GaN/GaN FETs. 
A collaboration between IBM 
Zurich, the High Pressure Research 
Institute in Warsaw, and the Universi- 
ties of Ulm and Illinois reported that 
Zn acceptors implanted into GaN 
can be efficiendy activated by high 
temperature (1250-1550°C) anneal- 
ing made possible by 10 kbar of N 2 
overpressure. Previous efforts were 
limited by N loss from the GaN crys- 
tal at the temperatures required to 
anneal out structural implant 
damage. 
The Zn acceptor photolumines- 
cence signal was observed to 
improve with increasing anneal 
temperature which is strong 
evidence that N loss can be stabilized 
by sufficient N 2 overpressure. The 
authors predict that high pressure 
annealing can be economically 
adopted into routine device process- 
ing and may play an important role 
in implant activation or local doping 
or contact formation via diffusion. 
The organizing committee has 
elected to hold the Third European 
GaN Workshop next June in Warsaw, 
Poland, thereby recognizing Central 
Europe (and Russia) as the major 
GaN players they are. EGW-3 will be 
expanded to a fourth day to permit 
attendees more time for leisurely 
discussions, and to allow a group 
outing. The Slavic hospitality will 
include dancing every evening, and 
many other special touches. 
Details about EGW-3 will be avail- 
able on a dedicated WWW page 
shortly. 
Back to back Hg Schottky I 
diodes on a wafer can be used I [ 
to plot and profile Si, SiC, [ I Ill-V, II-VI and other layers I
on in~l~finr, sub~trates. ] 
For MIS wafers, the series I 
capacitors that the two Hg I 




Insulating or Semi-Insulating [ 
Substrate 
I Semiconductor Layer 
or nitride on a semiconductor 
can be used to measure many 
salient properties uch as 
oxide (or nitride) thickness 
and threshold voltage without 
the extra effort and expense 
of metallizing the backside, so 
often required for measurements 
with a single evaporated dot. 
The MSI Mercury Probe interfaces with an MSI Model 466 CGV 
Meter to make rapid and accurate measurements automatically. 
When an MSI Mercury Probe is used with corapetitive meters, the 
measurements are less rapid but the same Hg contacted wafers can 
be further processed so that the measured ata can be used to 
enhance yields. 
Profiles of interface state density vs voltage can also be made with 
frontside Hg contacts. There is no need to metallize when 
nondestructive Hg can get you graphics and data in short order. 
Although Hg can do many things, some quasistatic measurements do 
reqmre conductive backsides. 
see us at SEMICON EUROPA '97 - Booth 325 
• Excel lent  process 
repeatabi l i ty 
• Minimal  kerf l oss /  
sample  damage 
• Precise geometr ies  
of cut 
• Sl ices boules upto  
55mm diameter  
The new APD1 Saw gives you 
the edge. Combining an 
Annular & Peripheral saw 
facility, you can cost-effectively 
make precision slices/cuts on 
delicate soft or hard materials. 
Pre-programme your cut depth 
/ thickness requirements and 
achieve exceptional results. 
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